Introduction {#Sec1}
============

In December 2019, the Wuhan city of Hubei province in China became the epicenter of an outbreak of local pneumonia in some patients with an unknown cause (Bherwani et al. [@CR1]; Gautam [@CR6]). By January 7, 2020, the Chinese research community isolated a novel virus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), from the virus-infected pneumonia patients (Phelan et al. [@CR16]; Gorbalenya et al. [@CR9]). On January 30, 2020, World Health Organization (WHO) declared the SARS-CoV-2 epidemic a Public Health Emergency of International Concern, which was later designated as a COVID-19 in February 2020 (Muhammad et al. [@CR15]; Gautam and Hens [@CR5], [@CR7]; WHO [@CR24]). Although the outbreak is plausible to be associated with the large seafood market which has triggered a zoonotic transmission event, but soon it became clear that an efficient human-to-human transmission is also taking place (Li et al. [@CR13]; Wu et al. [@CR28]; Sarkodie and Owusu [@CR18]). Due to the potential of COVID-19 to generate widespread outbreaks in confined settings and cross border following the mobility of human patterns, it was regarded as a pandemic by the WHO on March 11, 2020 (Cucinotta and Vanelli [@CR3]).

Coronavirus is a current novel and highly infectious contagion disease that belongs to the family of "Nidovirus" which includes "Roiniviridae," "Artieviridae" and "Coronavirdae" family, causing respiratory illness in humans from the common cold to more severe diseases such as Severe Acute Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome (MERS) (De Wit et al. [@CR4]; Gautam and Hens [@CR5]). Coronavirus is enveloped positive-sense RNA virus mainly comprising of almost 30,000 nucleotides in its genome, and its replication and transcription are dependent on the replicase gene which encodes two overlapping polyproteins, pp1a and pp1ab (Zhou et al. [@CR29], [@CR30]). The diameter of coronavirus ranges from 60 to 140 nm with club-shaped spikes on its surface and making a crown-like structure as evident from an electron microscopy, hence the name given coronavirus (Richman et al. [@CR17]). Coronavirus is a "communicable" disease and its spread all over the world is entirely associated with human-to-human transmission rather than transmission through the air (Wang et al. [@CR21], [@CR22]). The transmission of COVID-19 through airborne spread has not been reported yet and it is not believed to be the source of major transmission as per the evidence (WHO, [@CR23]). Due to its small size (about 0.1 micron), it can enter into the body via droplets from mouth or nose during close and unprotected contact between an infector and infectee. It has also been observed that coronavirus infected people generally develop symptoms and signs, including mild respiratory illness, fever, dry cough, and tiredness, with a mean incubation period of 5 to 6 days which can also range up to 1 to 14 days (WHO [@CR24]). Predominantly, the presentation of disease can also range from asymptomatic (with no symptoms) to severe pneumonia, and even death (WHO [@CR23]). Recent studies showed that the number of infected individuals with the novel COVOD-19 may get double every 7 days and each person could spread this virus to 2.2 to 3.58 persons on an average (Chan et al. [@CR2]). Additionally, the individuals ≥ 60 years of age and individual with chronic underlying health conditions are in a greater risk of being infected with COVID-19 in comparison to the children who might have less probability to get infected or, if so, these children may show mild symptoms or may have asymptomatic infection (Li et al. [@CR13]; Sun et al. [@CR20]). Besides, cleaning surfaces with an alcohol-based disinfectant is also important to practice to stop the spread as COVID-19 can survive on surfaces such as copper (up to 4 h), plastic and stainless steel (up to 72 h), and cardboard (up to 24 h) (WHO [@CR24]). Some of the countries have adopted the early isolation of infected patients and quarantine policies to prevent the transmission from the travelers who have returned from the COVID-19 infected countries (Hellewell et al. [@CR10]). Practicing frequent hand hygiene (with alcohol-based gel or sanitizer), maintaining respiratory hygiene, and a physical distance of at least 1 m (3 feet) is the best possible way to protect yourself and others from the novel COVID-19 (WHO [@CR23]). In addition, staying in home quarantine and seeking medical care early if person is allied with the acute symptoms fever, cough, or difficulty breathing, not going outside unnecessarily, avoid touching your eyes, nose or mouth, avoid eating raw meat and unnecessary contact with wild animals, etc. are some other precautionary measure for protection against the coronavirus disease. Nevertheless, a clear representation of the epidemiology of this novel coronavirus and vaccination is still being elucidated (Zhou et al. [@CR31]).

With the two months of the outbreak, the pandemic spread throughout the world at an alarming speed. As of March 1, 2020, a total of 87,137 confirmed cases and 2997 deaths had been reported globally by the WHO (WHO [@CR23]), and 58 countries were affected (WHO [@CR23]). While the cases continue to decline in China, the COVID-19 cases have been reported in more than 100 countries outside of China, including South Korea, Iran, Italy, Japan, France, and Germany by the end of March 2020 (WHO [@CR25]; Shim et al. [@CR19]; Gautam and Trivedi [@CR8]). The first case in South Korea was reported on January 20, 2020, followed by a rapid increase in the number of cases in subsequent days (Shim et al. [@CR19]). In particular, South Korea quickly became the hardest-hit country affected by the COVID-19 virus, with a steady increase in the number of cases over the month of February 2020. By the end of March 2020, South Korea was successfully able to control the outbreak of the novel COVID-19, and since its peak on March 11, 2020, the daily number of cases has been decreasing. This paper analyzes the trend and data of COVID-19 on certain criteria using "Exploratory Data Analysis." It is a revelatory step to any kind of analysis based on the date sets. In this paper, we reviewed the COVID-19 spread in South Korea with time by considering the different factors during the analysis. This will also enable us to know how South Korea managed to flatten the curve of COVID-19 cases with time.

COVID-19 South Korea's data analysis {#Sec2}
====================================

Current and widespread outbreak of novel coronavirus motivates to perform Exploratory Data Analysis (EDA) on the datasets, which was collected from the different sources such as, Korea Centers for Disease Control and Prevention (KCDC, South Korea [@CR12]), the Ministry of Health and Welfare of South Korea (MOHW, South Korea [@CR14]), John Hopkins GitHub repository (JHGR, USA [@CR11]) and Coronavirus Worldometer (Worldometer [@CR27]). The data was used to analyze the trend and spread pattern of COVID-19 cases in South Korea and compared with a pattern of cases in the most affected countries in the world. The data collected, organized, and processed in the form of graphical representation for the better visualization of results using OriginPro 2016 software (Version 9.3.226, OriginLab Corporation, USA). The total number of confirmed cases, active cases, deaths, and recovered cases as of July 8, 2020 (05:00 GMT), as well as the fatality rate distribution by province-wise was also presented.

COVID-19 Spread in South Korea over time {#Sec3}
----------------------------------------

From the first detected patient on January 20, 2020, to March 1, 2020, when the third patient was reported, confirmed cases were mostly inbound travelers from overseas and their contacts. Following February 18, an exponential surge with a short period was observed, starting with cluster infections mainly related to the Shincheonji Church and Cheongdo Daenam Hospital in Daegu city or South Korea. At that time, South Korea was on the verge of facing a continued surge in the COVID-19 outbreak with new confirmed cases per day amounting to 909 and total cases under isolated treatment at 7470 (MOHW, South Korea). However, the situation has been successfully contained as of now with new confirmed cases per day reduced to a single digit. Figure [1](#Fig1){ref-type="fig"} shows the trend of confirmed, recovered, active and deceased cases of COVID-19 in South Korea till July 8, 2020 (GMT 05:00).Fig. 1Trend of COVID-19 in South Korea over time as of July 8, 2020.(*Source*: MOHW, South Korea and John Hopkins GitHub repository, USA)

As of July 8, 2020, the total number of confirmed cases in South Korea reported to be 13,244, with the largest cluster of infected patients from Daegu and Gyeongsangbuk-do accounting for 62.8% of the total cases. According to the MOHW, among the total cases of 10,806 as on May 5, 2020, females account for 40.5% and males for 59.5% (Fig. [2](#Fig2){ref-type="fig"}a). Figure [2](#Fig2){ref-type="fig"}b shows the age distribution of infected persons. The number of deceased reaches 255 with 92.2% of the deaths from the age group of ≥ 60 and a fatality rate of 2.36%. The average reproduction number of COVID-19 in South Korea was estimated to be 1.5 (Shim et al. [@CR19]).Fig. 2**a** Gender-wise cases and **b** age-wise distribution of COVID-19 in South Korea as of May 5, 2020.(*Source*: MOHW, South Korea)

History of imported cases of COVID-19 spread in South Korea {#Sec4}
-----------------------------------------------------------

As of July 8, 2020, there were 1714 of total confirmed cases that had a travel history to different countries. Among them, the USA and Europe together contribute to more than 65.2% of the total confirmed cases in South Korea as shown in Fig. S2 (supplementary material). Out of the 1714 cases, 1286 (75.1%) cases were of Korean nationality and 428 (24.9%) cases were of foreign nationality.

COVID-19 spread in South Korea versus other countries {#Sec5}
-----------------------------------------------------

When the COVID-19 started spreading across the globe, the initial phase saw South Korea becoming the second most affected country after China (the epicenter of the outbreak). But soon within a span of 2--3 weeks, South Korea managed to control this virus from spreading through its rigorous and effective approach. As of now on July 8, 2020 as shown in Fig. [3](#Fig3){ref-type="fig"}, South Korea has witnessed a total of 0.11% of the COVID-19 cases being reported worldwide, with USA reporting one-fourth of the total number of cases. The number of causalities stands at 0.05%, attributing to the advanced health care system of South Korea. The world is now witnessing the biggest pandemic, with the total death exceeding 550,000 till date. As of July 8, 2020, the total confirmed, deceased, recovered and active cases of COVID-19 were 11,954,944, 546,720, 6,846,897, and 4,206,920, respectively. Table S1 (supplementary material) provides detailed information on the COVID-19 cases around the world with USA and Europe being affected the most in terms of causalities and the number of infected patients.Fig. 3Comparison of confirmed COVID-19 cases and deaths in South Korea versus other countries.(*Source*: MOHW, South Korea, As of July 8, 2020, GMT 05:00)

Compared to the worst hit countries with COVDD-19, South Korea has reported the lowest mortality rate of 2.2, when compared to USA, UK, Spain, Mexico, and Italy with mortality rate of 4.4, 15.5, 11.3, 11.9, and 14.4, respectively (MOHW, South Korea). Thus, the mortality per lakh population in India is 6 deaths per 1 million populations, which is lowest in comparison to the global case mortality rate of 69.7 deaths per 1 million populations (MOHW, South Korea). The relatively low death rate, in terms of case mortality rate, signifies timely clinical management and identification of the COVID-19 cases in South Korea.

Testing of COVID-19 in South Korea {#Sec6}
----------------------------------

Owing to its early detection and testing capabilities which included extensive use of ICTs and drive-thru testing stations, South Korea was able to contain the spread of this deadly contagion. South Korea is capable of conducting 23,000 diagnostic tests per day, and almost a total of 1,359,735 tests have been conducted until July 8, 2020 (05:00 GMT). Besides, the healthcare professionals in South Korea were allowed to conduct a COVID-19 diagnostic test on any suspected individual without any charge. The efforts made by the South Korean Government for carrying the extensive and free of charge diagnosis of COVID-19 was key to minimize the outspread and damage of this virus at an early stage. As of April 27, there are 347 of National Safe Hospitals designed by the government to provide the services for non-respiratory patients and ensuring the safety of general patients. Table S2 (supplementary information) provides the detail of the total numbers to tests conducted, in progress, and the concluded results.

Province wise spread of COVID-19 in South Korea {#Sec7}
-----------------------------------------------

As of July 8, 2020 the total number of confirmed cases stands at 13,244, which is concentrated mainly in Daegu and Gyeongsangbuk-do province (62.8% of all confirmed cases) and the specific religious sector (Shincheonji) as the major epidemiological link (47%). Figure [4](#Fig4){ref-type="fig"} provides the province wise data related to the spread of COVID-19 in South Korea. Table S3 (supplementary information) provides the province wise detail on the total number of confirmed and active cases along with the recovered and deceased patients. The death toll in South Korea stands at 285 to date with Daegu having the largest share of causalities of 189 deceased.Fig. 4Province wise spread of COVID-19 in South Korea.(*Source*: MOHW, South Korea, As of July 8, 2020 (05:00 GMT))

South Korea's model response and flattening of its COVID-19 curve {#Sec8}
=================================================================

The world is facing an unprecedented economic, social, and political crisis with the spread of COVID-19. Global leaders and experts regard this pandemic as "the gravest challenge since World War II." South Korea too is no exception in this global pandemic. South Korea had a surge of COVID-19 outbreak and virus started spreading at the local and community level since the 31^st^ patient linked to Shincheonji Church was reported. The number of new coronavirus cases increased exponentially peaking at 909 new infections on February 29. But since then, new cases have dropped significantly. South Korea is being applauded worldwide for being able to successfully flatten the curve on COVID-19 in only 20 days without enforcing extreme draconian measures that restrict the freedom and movement of people. To begin with, South Korea adopted its rigorous quarantine measures for incoming passengers from abroad (both symptomatic and asymptomatic). Figure [5](#Fig5){ref-type="fig"} and [6](#Fig6){ref-type="fig"} provide details on the Quarantine Inspection Procedures (QIP) adopted by South Korea for symptomatic and asymptomatic individuals, respectively.Fig. 5Flowchart of quarantine inspection procedures for incoming passengers from abroad (from 00:00, April 1)---Symptomatic.(*Source*: MOHW, South Korea)Fig. 6Flowchart of quarantine inspection procedures for incoming passengers from abroad (from 00:00, April 1)---Asymptomatic.(*Source*: MOHW, South Korea)

One of the key aspects which played a significant role in South Korea's effective response was its use of ICTs and the state-of-art devices and applications including, Self-Isolation Safety Protection App, Self-Diagnosis App and Epidemiological Investigation Support System which were able to tract the routes of confirmed individuals. Mobile devices, CCTV recordings and credit card usage data were used extensively for contact tracing to boost early testing. Advanced ICTs were particularly useful in spreading key emergency information on the novel virus and help to maintain extensive "social distancing." The testing results and latest information on COVID-19 was made available via national and local government websites. Culturally and legally, South Korea is more tolerant of personal data-sharing, and its success has been heavily dependent on its citizens that followed the government guidelines and took responsibility on themselves to self-quarantine in case of suspected illness. The government provided free smartphone apps indicating infection hotspots along with text alerts on testing. Municipalities throughout South Korea made every effort into curbing the contagion as they used the Cellular Broadcasting Service (CBS) to inform the public of the movement paths taken by confirmed patients and other related information. Residents who received COVID-19 emergency texts can quickly check if they have been anywhere that overlaps with the movement of a confirmed patient, allowing them to get tested quickly if necessary. This formed a strong basis for South Korea's early detection and testing capabilities. Figure S2 (supplementary material) shows one such website providing the travel history of the confirmed cases. The image shows the track of COVID-19 patient at a particular location in South Korea using government data available online.

Besides, a walk-thru testing station named K-Walk-Thru testing facilities was adopted by South Korea for the first time in the world to safely and quickly collect the samples of COVID-19 with minimal contact. Since the 2015 outbreak of the Middle East Respiratory Syndrome (MERS), South Korea has learned key aspects, remained vigilant, and continued to refine its response system to better address potential outbreaks of large-scale epidemics, supporting hospitals to set up negative pressure rooms in 2018. The swift actions South Korea has lately taken against COVID-19, including its innovative "drive-thru" testing stations that help minimize the risk of cross infections at the testing centers while maximizing daily testing capacity amid fast rates of new cases, have received international attention and commendations. In addition, the government efficaciously explored various ways to balance the demand and supply of infection control supplies such as hand sanitizers and face masks from the early stage of the outbreak.

Future prospects and conclusion {#Sec9}
===============================

South Korea\'s success with widespread testing and its approach to slowing the spread of COVID-19 offers a way out for most countries that are stuck in lockdown and it also acts as a model response to faces the future outbreak of such diseases as well. From the experience of the MERS outbreak, the country learned the importance of diagnostic testing and basic infection prevention measures, which all came into play during the current pandemic. After the MERS outbreak, when KCDC was not able to trace the movements of the virus, South Korea changed the law allowing the government to collect a patient\'s data and security footage during an outbreak. All their steps are logged and then shared to alert people to stay away from the path of infection and if a confirmed case is found near a person\'s whereabouts, authorities send a text to let the person know if he or she has crossed paths with an infected person. While tracing people\'s every move can be controversial, many in South Korea prioritize public health over privacy in an outbreak. As a result, South Korea was able to test hundreds of thousands of people, more than any other country at the time, and this made it easier for authorities to track and contain the spread of the virus. This ability to find and treat infected people has allowed Korea to avoid aggressive lockdowns and helped to bend the curve of the outbreak that started out dangerously steep. With just 30 cases reported, South Korean Health authorities had already started working with biotech companies to develop a test kit for the novel coronavirus, making available thousands of test kits. Because the government had already equipped hospitals with coronavirus tests, doctors were able to test (patients right away), and contact tracing, in which all people an infected patient has had contact with are traced and tested, helped break the chain of infections and prevent mass outbreaks. At this time, when almost every country is fighting against the same enemy, an invisible micro-pathogen. The success or failure of this fight will naturally be a measure of the overall capacity of a country and will have great implications for the global community and history. Through the key outcome reported in the study it is believed that a small but significant contribution could be made to the policy guidelines for the international community by sharing Korea\'s experiences and countermeasures against COVID-19 over the past six months. Although COVID-19 countermeasures taken by the South Korean government may not be conclusive or universal for all but its exemplary approach to COVID-19 can aid countries across the globe to strengthen their response system for the future outbreak of such contagious disease. For the successful resolution of COVID-19 spread, there is a need for a robust response system powered by the combination of state-of-art techniques and the public's voluntary cooperation along with the sharing of information transparently and promptly in society.
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